Background: Common antimicrobial regimens for treating bacterial vaginosis often cause recurrence and bacterial resistance. Previous studies have reported that a combination of antimicrobial and probiotic consisting of Lactobacillus spp. is an effective treatment for recurrent bacterial vaginosis. Lactobacillus plays an important role in vaginal health by replacing the pathogenic colonies in vagina. This study aimed to determine the effectiveness of adding probiotic to antimicrobial therapeutic for the prevention of bacterial vaginosis (BV) recurrence. Subjects and Method: A systematic review was conducted by searching the following databases: PubMed, Science Direct, Web of Science, Springer Link and the Cochrane. The review included randomized controlled trials (RCTs) conducted in primary hospitals and private clinics. The Amsel criteria and Nugent score were used for diagnosis appraisal of bacterial vaginosis. were included in this systematic review consisting of the two types of bacterial vaginosis treatment. All pooled data analyses were based on random-effects models and intention to treat (ITT). Data were analyzed using Rev Man 5 software. Results: The review included 5 RCTs involving 692 women on reproductive age underwent treatment of BV for 5 days or more. The studies showed that combination of probiotic and antimicrobial treatment reduced the risk of bacterial vaginosis recurrence a half time compared to antimicrobial treatment alone (RR= 0.49; 95% CI= 0.17 to 1.44).
BACKGROUND
Vagina and ectocervix provide complex habitat for several aerobic and anaerobic microorganisms coexisting in a dynamic balance for health (Mastromarino et al., 2013) . In this environment, Lactobacillus spp are the most dominant bacteria that also plays an important role in the maintenance of the vaginal tract health (Alioua et al., 2016) . The imbalance of vaginal microbiota including decreased amount of Lactobacillus may cause vaginal inflammation.
There are millions of vaginitis annually, most are caused by bacterial vaginosis (BV) about (40% to 50%) (Vicariotto et al., 2014) . However, the actual prevalence of BV is difficult to determine because many episodes are asymptomatic and occur during the menstrual cycle (Reid and Bocking, 2003) .
Bacterial vaginosis is a polymicrobial syndrome involving condition that can change the composition of vaginal microorganisms. This syndrome is characterized by the decrease or absence of Lactobacilli, which cause the increase of the vaginal pH and the population of pathogenic bacteria such as Gardnerella vaginalis, Pretovella spp., Bacteroides sp., Mobiluncus spp. or genital mycoplasma (Silva et al., 2011) . Bacterial vaginosis is associated with some adverse prognosis including 40% increase in the risk of preterm birth (Stojanovi et al., 2012; Vicariotto et al, 2014) , pelvic inflammatory disease (Haggerty et al., 2004) , herpes, gonorrhea, and chlamydia (Marrazzo et al., 2007) .
The treatment of BV using antimicrobial regimenssuch as oral metronidazole or intravaginal clindamycin have been reported to cause recurrences in approximately half of the cases. Moreover, the agents causing BV such as Gardnerella vaginalis and anaerobic bacteria show resistance to antimicrobial regimens (Beigi et al., 2004; Bradshaw et al., 2006) .
Many studies have considered probiotics in addition to antimicrobial regimens (Martinez et al., 2009 ) because antimicrobials are not effective, causing recurrent infections and bacterial resistance. The probiotic containing Lactobacillus is frequently used for BV therapy since it can reduce intravaginal pH, therefore providing a barrier effect against many pathogens as well as creating specific molecules such as hydrogen peroxide, extracellular proteins, and bacteriocin. These molecules kill and inhibit the growth of pathogenic bacteria (Mastromarino et al., 2013) .
The types of Lactobacilli colonizing vagina include L. crisspatus, L. gasseri, L. iners, L. vaginalis, L. jensenii, and L. crispatus that can prevent urogenital infection by maintaining a low pH (<4.5) as well as producing bacteriostatic and bactericidal substances. Furthermore, colonizing probiotic could be engineered for facilitating pathogenic microbicide (Pendharkar et al., 2015) .
The combination of probiotics and antimicrobial regimens or probiotics after antimicrobial regimens can restore Lactobacilli colonization after BV infection or after recurrence occurs in order to rebuild vaginal homeostasis. This can explain why women treated with probiotics have lower levels of long-term BV recurrence rate (Ling et al., 2013) . This study aimed to determine the effectiveness of adding probiotic to antimicrobial regimens for the prevention of BV recurrence.
SUBJECTS AND METHOD
This review was conducted in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis from the PRISMA Statement (Liberati et al., 2009) . A systematic database searchwas performed from 1 to 15 September 2017. The databases included PubMed, Science Direct, Web of Science, Springer Link and the Cochrane Database. The keywords used were: probiotic AND metronidazole for bacterial vaginosis, probiotic AND antimicrobial AND randomized controlled trial, placebo dosage AND probiotic dosage AND bacterial vaginosis.
Inclusion criteria
The inclusion criteria were randomized controlled trials (RCTs), either single or double-blind RCTs using probiotic containing Lactobacillus spp. and antimicrobial regimens (e.g., metronidazole, tinidazole, and clindamycin), or antimicrobial and placebo. The subjects included were women on reproductive age and the therapy was given at least for 5 days. The studies were reviewed if the cases of lost to follow-up were less than 20%. This review reported articles that published in English from 1994 until 2017.
Exclusion criteria
Articles were excluded if the subjects are pregnant or post-menopause, intervention not relevant with the topic, the outcomes for RCTs were not bacterial vaginosis, and lack to follow-up. Primary outcome Nugent Score and Amsel criteria were used for diagnosing BV. The Nugent score criteria is based on the amount per point of view of airy morphotype organisms such as lactobacillus (given score 4 if not present in vaginal swab), Mobiluncus and Gardnerella vaginalis (given score 4 if there are >30 per point of view). A case with Nugent score of 7 -10 is diagnosed with BV (Bautista et al., 2016) The Amsel criteria include (1) the acidity or pH of the vagina exceeds 4.7, (2) vaginal discharge color are gray or white. (3) release a fish odor when whiff test is done (10% potassium hydroxide mixed with vaginal discharge), and (4) there are clue cells on microscopy of the saline solution wet amount. Bacterial vaginosis is diagnosed when the patient presents with least 3 of those symptoms (Karim and Barakbah, 2016) .
Statistical analysis
The RevMan 5 meta-analysis program was used in this review and the analysis included random effect and intention to treat (ITT).
RESULTS
A total of 348 articles were identified during initial search. After eliminating duplication and implementing the exclusion criteria, the remaining 81 RCTs were further analyzed. After careful examination of the full-text articles, finally, 5 articles were included for meta-analysis (Figure 1) . The heterogeneity (I 2 ) of this metaanalysis is more than 50% so we calculate the relative risks (RRs) using randomeffects model and intention to treat (ITT). (Akobeng, 2005) . Marcone et al. (2010) reported that metronidazole treatment alone without complementary Lactobacillus inhibited flora vaginal restoration. This resulted in BV relapse after 6 months of therapy and the recurrence rate increases over time. For this reason, it is possible that local administration of Lactobacillus spp. could be a useful complementary regimen in the management of recurrent urinary tract infections, especially those associated with BV.
Lactobacillus rhamnosus exhibits adhesion properties on urogenital epithelium, competing with other microorganisms. This bacteria also produce a number of factors that inhibit the growth of pathogenic bacteria in lower reproductive tract (Falagas et al. 2007 ). Effectiveness of the two microorganisms lactobacillus fermentum lf15 and lactobacillus plantarum lp01, formulated in slow-release vaginal tablets, in women affected by bacterial vaginosis. Journal of Clinical Gastroenterology, S106-S112.
